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Introduction
The morbidity of aortic dissection varies considerably accord-
ing to race.1 Although systematic statistics are lacking, the
incidence in Taiwan is 43/1,000,000, and in China is approxi-
mately 50–100/1,000,000 per year,2,3 which is considerably
higher than the incidence in Western countries. Unfortunately,
this rate has been increasing steadily in recent years, but the
reason for this is not known. Mortality in the acute stage of
aortic dissection is nearly 30% due to rupture and ischaemic
complications. Therefore, aortic dissection severely threatens
the life of Chinese populations. The traditional treatment,
aortic replacement, has been adopted only reluctantly because
it involves macro-invasion and is associated with severe com-
plications that can be overwhelming in elderly patients or in
those with organ dysfunction. Furthermore, conservative
therapy, including antihypertensive and negative inotropic
treatment, fails to eliminate the entry site and induces throm-
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bosis in the false lumen. Endovascular techniques have pro-
vided an invaluable alternative treatment for aortic dissection
since Dake et al reported the short-term success of stent graft
implantation in 1999.4 We performed endovascular stent graft
implantation in 102 cases of Stanford type B aortic dissection
and achieved a clinical success rate of 99.0%. The objective of
this paper is to share our experience of endovascular therapy
for type B aortic dissection.
Methods
We performed endovascular stent graft implantation in 102
cases of type B aortic dissection between August 2000 and
February 2004. There were 90 males and 12 females; mean age
was 48.4 years (range, 26–80 years). Clinical manifestations
and complications are listed in Table 1. Multiple imaging
diagnostic modalities including computed tomography angi-
ography (CTA) and three-dimensional (3D) reconstruction
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(n = 102) (Figures 1 and 2), transthoracic echocardiography
(TTE; n = 85) and transoesophageal echocardiography (TEE;
n = 34) were used preoperatively to obtain the anatomical
parameters of the aortic dissection (Table 2). Stent grafts were
implanted with the guidance of digital subtraction angiogra-
phy (DSA) and intravascular ultrasound (IVUS; n = 14) (Figures
3–5).
Initially, we selected patients according to the indications
proposed by Nienaber et al:5 a distance between the entry site
and the origin of the left subclavian artery (LSA) longer than
10–15 mm; an aortic dissection with maximum diameter of
more than 55 mm; a constant entry site; a false lumen predis-
posed to dilating steadily; presentation with repeated
thoracodorsal or abdominal pain; at least unilateral renal
artery and superior mesenteric artery originating from the
true lumen; and at least unilateral iliofemoral artery unin-
volved with the dissection and without severe tortuosity and
stenosis.
With greater experience, we extended the indications using
the following modifications: if the distance between the entry
site and the origin of the LSA was shorter than 10–15 mm, we
performed a bypass between the left common carotid artery
(LCCA) and the LSA prior to endovascular stent graft
implantation. If the maximum diameter of the aortic dissec-
tion was less than 55 mm but the other indications were
fulfilled, endovascular stent graft implantation was still con-
sidered. If the bilateral iliofemoral arteries were too tortuous
or stenotic to pass the sheath, we selected an approach via an
aortotomy following laparotomy.
Patients received either general anaesthesia (n = 91), gen-
eral anaesthesia plus epidural anaesthesia (n = 10) or epidural
anaesthesia (n = 1). Aortography was performed via arteri-
otomy of the left brachial artery (LBA) to mark the entry site,
reentry site and extent of the false lumen cap, and to acquire
the anatomical parameters of the aortic dissection. Thereafter,
a pigtail catheter was inserted into the origin of the LSA to
inject contrast media. IVUS was performed to determine the
true and false lumen and the entry site in 14 cases in which
DSA failed to reveal the dissection lesion satisfactorily. The
femoral artery was exposed via a longitudinal groin incision,
while the iliac artery was approached via the retroperitoneal
route when bilateral femoral arteries had considerable steno-
sis and tortuosity. Arteriotomy was performed and an Amplatz
Table 1. Clinical manifestations and complications of type B
aortic dissection in 102 cases
n
Thoracodorsal and abdominal pain 92
   Acute thoracodorsal and abdominal pain 86
   Mild thoracodorsal and abdominal pain 6
Hypertension 81
Ischaemia of lower extremity 10
Coronary heart lesion 10
Pacemaker implantation 1
Renal dysfunction or failure 5
   Renal transplantation 1
Radical pneumonectomy of lung carcinoma 3
Cerebral paralysis, poliomyelitis 1
Discovered and diagnosed due to other manifestation 10
Figure 2. Three-dimensional reconstruction demonstrates the true
and false lumens and absence of the left kidney. The left renal artery
originates from the false lumen and right renal artery from the true
lumen.
Figure 1. Computed tomography angiography demonstrates the
entry site in the descending aorta.
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Table 2. Anatomical parameters of type B aortic dissection in 102 cases
Number of entry and reentry sites, n
   3 51
   2 46
   0 005*
Distance between entry site and origin of LSA 05–90 mm; mean, 20 mm
Diameter of normal aortic arch and descending aorta 30–38 mm; mean, 34 mm
Maximal diameter of distal true lumen 20–28 mm; mean, 24 mm
Minimal diameter of distal true lumen 4–10 mm; mean, 7 mm
Branches originating from the true lumen, n
   CA 76
   LRA 37
   RRA 92
   SMA 92
Branches originating from the false lumen, n
   CA 16
   LRA 60
   RRA 10
   SMA 02
Branches riding the true and false lumen, n
   CA 10
   SMA 08
Occlusion of LRA, left renal atrophy, n 05
*Intravascular ultrasound failed to reveal entry or reentry sites. LSA = left subclavian artery; CA = celiac artery; LRA = left renal artery;
RRA = right renal artery; SMA = superior mesenteric artery.
Figure 4. Intravascular ultrasound demonstrates the true and false
lumens and entry site. The thick high reflection region on the left
aortic wall indicates the true lumen, while the thinner reflection on
the right indicates the false lumen. The defect below the septum
indicates the entry site.
Figure 3. Digital
subtraction angi-
ography demon-
strates the true and
false lumens. Dense
contrast medium is
rare in the false
lumen.
super-stiff wire was inserted, over which the stent graft could
be implanted. When the proximal end of the covered stent
graft reached the distal site of the origin of the LSA, the
anaesthetist gradually decreased the systolic blood pressure to
less than 90 mmHg so that the stent graft could be released
with security by gradual retreat of the delivery sheath and
anchored accurately and adequately proximal to the entry site.
Finally, aortography was repeated to confirm clinical success
and reveal any complications, most frequently endoleak. If a
type I endoleak was discovered with leakage of contrast media,
a balloon catheter was used to dilate the end of the stent graft
to provide a leak-proof seal. The mean time for the procedure
was 146 minutes, and the mean blood loss was 126 mL.
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Four kinds of stent grafts were deployed in the 102 cases:
Talent (Medtronic Vascular, Santa Rosa, CA, USA) (n = 74);
Aegis [MicroPort Medical (Shanghai) Corp Ltd, Shanghai,
China] (n = 13); Vasoflow (Vascore Medical Co Ltd, Suzhou
City, China) (n = 10); and Endofit (Endomed Inc, Phoenix, AZ,
USA) (n = 5). The proximal diameter of the stent graft ranged
from 34 to 46 mm.
Follow-up CTA 1 week and 1 year postoperatively was used
to evaluate the efficacy and reveal any underlying complica-
tions such as endoleak, migration and fracture of the stent
graft.
Results
We achieved clinical success in 101 cases (99.0%). One patient
died without definite cause perioperatively; diagnostic thora-
cocentesis confirmed haemothorax in the left thoracic cavity.
Another patient with Marfanoid body habitus complained of
acute thoracodynia 3 weeks postoperatively, and subsequent
CTA showed that the dissection lesion had extended proxi-
mally to the ascending aorta and had developed into a type A
aortic dissection. Neither conversion nor postoperative para-
plegia occurred. The approach to the descending aorta was
mainly via the femoral artery (n = 96) and less frequently via the
iliac artery (n = 4) or abdominal aorta (n = 2).
Endoleak occurred in 18 cases (17.6%). Failure to seal the
entry site completely with the stent graft resulted in a distal
type I endoleak in the first case. In another case, the stent graft
was hooked and migrated distally during retreat of the delivery
sheath, which led to a proximal type I endoleak. The endoleak
in the other 16 cases had disappeared by follow-up CTA 1 week
postoperatively. In the remaining 84 cases, repeat DSA re-
vealed that the false lumen of the aortic dissection had dimin-
ished and no endoleak was visible between the stent graft and
the attachment site of the aortic wall.
In the 86 cases for which there was a CTA 1 week post-
operatively, there was no migration. In 58 cases, there was no
complete thrombosis or dilation of the false lumen, although
contrast media was visible in the false lumen. In the other 28
cases, complete thrombosis developed in the false lumen. In
the 46 cases for which there was a CTA 1 year postoperatively,
there was no migration. There was no complete thrombosis or
dilation of the false lumen in 16 cases, although contrast
media was visible in the false lumen. In the other 30 cases,
complete thrombosis developed in the false lumen.
Discussion
Stanford type B aortic dissection, also known as DeBakey type
III aortic dissection, is defined as dissection involving the
descending aorta and its branches with an entry site in the
descending aorta. Traditional surgery, regardless of treatment
modality, involves macro-invasion and has indefinite efficacy.
In addition, conservative therapy and long-term follow-up
does not reduce the tendency of aortic dissection to dilate and
rupture. Consequently, the prognosis of type B aortic dissec-
tion was poor until the advent of endovascular technology to
seal the entry site, increasing flow in the true lumen and
depressurizing the false lumen. The micro-invasive nature of
endovascular stent graft implantation accounts for the less
severe complications, decreased blood loss, short procedure
time and rapid convalescence.
It is important to consider the anatomical features of the
aortic dissection when selecting patients for endovascular
stent graft implantation. With the advances in endovascular
techniques, the anatomical contraindications have gradually
been overcome. Previous selection criteria excluded cases where
the length of the proximal attachment site is less than 10 mm,
to guarantee reliable anchoring of the proximal end of the
stent graft to the wall of the aorta. Criado et al reported that
adjunctive bypass between the LSA and LCCA prevented acute
ischaemia of the left vertebral artery (LVA) and left upper
extremity when the proximal attachment site was insufficient
and the origin of the LSA needed to be covered by the stent
graft.6 Conversely, Görich and coworkers proposed that pre-
operative bypass between the LSA and LCCA was unneces-
sary since 87.5% of patients could tolerate ischaemia of the left
upper extremity on the premise that continuity of the circle of
Willis can be proven by preoperative magnetic resonance angi-
ography (MRA) to perfuse the LVA when the LSA is covered by
Figure 5. Digital
subtraction angi-
ography demon-
strates that the
stent graft is de-
ployed precisely
and there is nei-
ther endoleak nor
migration.
ASIAN JOURNAL OF SURGERY  VOL 28 • NO 4 • OCTOBER 2005 275
070/2001
■ ENDOVASCULAR THERAPY FOR STANFORD TYPE B AORTIC DISSECTION ■
the stent graft.7 Even if severe ischaemia of the left upper
extremity occurs, abundant lateral circulation will allow
prompt bypass to restore the blood supply. We encountered
severe and repeated vertigo in one case without preoperative
bypass, although postoperative MRA demonstrated mild ste-
nosis but patency of the LVA, and pulse volume measured the
LBA pressure to be 106 mmHg, which was only 14 mmHg
lower than the contralateral pressure. Consequently, we prefer
preoperative bypass to ensure perfusion of the LVA and left
upper extremity. When the LCCA is also involved in the dissec-
tion lesion, bypass connected to the right common carotid
artery, LCCA and LSA effectively prevented ischaemia of the
LCCA, LVA and left upper extremity, as verified by postopera-
tive DSA (Figure 6).
We advocate the use of percutaneous transluminal
angioplasty (PTA) plus stenting of the unilateral iliofemoral
artery to create a patent interventional route in the setting of
severe iliac artery stenosis. If PTA plus stenting fails or the
iliofemoral artery is extremely tortuous, we select the abdomi-
nal aorta as the interventional route. Although laparotomy
and exposure of the abdominal aorta compromises the micro-
invasive nature of endovascular therapy, the combination of
the traditional approach to the abdominal aorta and
endovascular stent graft implantation is less invasive and is
associated with lower risk than open surgery, which requires
thoracotomy and clamping of the aorta. Attention is needed
using this approach because the stent graft could be errone-
ously inserted and deployed in the false lumen, leading to a
catastrophic outcome.
Use of multiple imaging diagnostic modalities, including
CTA and 3D reconstruction, TTE, TEE, IVUS and DSA, is
pivotal to the comprehensive perioperative evaluation of ana-
tomical features. Acquisition of the anatomical parameters of
the aortic dissection provides essential reference for selection
of a stent graft of appropriate size and instructs accurate
procedural manoeuvres. Development of multi-row spiral
computed tomography (CT) with minimal collimation of 0.5
mm provides high-resolution images. Furthermore, 3D recon-
struction techniques can display the whole view of the aorta
and its branches instead of disrupted images of transverse
sections. Therefore, we prefer to locate the extent of the dissec-
tion lesion, the entry and reentry sites and the size of the true
and false lumens on the monitor screen of the workstation
than on CT film. DSA is still regarded as the gold standard
because of its superiority in depicting the entry and reentry
sites and the true and false lumens. Since the flow velocity and
pressure in the true lumen are usually higher than those in the
false lumen, contrast media can be seen to flow from the true
lumen to the false lumen through the entry site, and is at a
lower concentration in the false lumen than in the true lumen.
A large entry site may render the flow velocity equivalent in the
true and false lumens, which makes it difficult to determine
the entry site and the true and false lumens. IVUS is sensitive
and reliable in displaying the entry and reentry sites and the
transmural aortic wall, and is complementary rather than
alternative to DSA.
The surgical manoeuvre directly influences the precise
deployment of the stent graft. Distal type I endoleak occurred
in one case owing to a lack of experience in locating the entry
site. In another case, the stent graft was hooked and migrated
distally during the retreat of the delivery sheath, which led to
a proximal type I endoleak. No further failure of manoeuvre
occurred in subsequent cases with accumulating experience.
The precise deployment of the stent graft depends on accurate
marking during procedures such as radio-opaque, calibrated
catheter, bone mark and insertion of the catheter into the
origin of the LSA via the LBA, facilitating marking and
aortography. Additionally, decreasing the systolic pressure
below 90 mmHg prior to deployment of the stent graft can
effectively prevent migration due to high-velocity flush in the
aorta. If a severe endoleak occurs, dilation of the stent graft at
the attachment site with a balloon catheter or even deploy-
ment of a cuff can resolve the problem. If mild endoleak
occurs, application of a wait-and-see policy or upregulation of
haemostasis may induce thrombosis in the endoleak. In the 16
cases with mild endoleak, DSA showed that the entry site was
superficially covered by the stent graft. However, the proximal
type I endoleak occurred on the concave lateral side of the
aortic arch and descending aorta and arose because the bend-
ing stent graft was predisposed to stretch. All mild endoleaks
Figure 6. Digital
subtraction angi-
ography demon-
strates that the
bypass to connect
the right common
carotid artery, left
common carotid
artery and left sub-
clavian artery is
patent.
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had disappeared 1 week postoperatively, according to follow-
up CTA.
Dake et al reported paraplegia in 3% of 103 cases4 and
Lansman et al reported a similar morbidity of 4% paraplegia in
29 cases.8 No paraplegia occurred in our 102 cases, which we
attributed to restricting the range of stent graft coverage to
less than three vertebrae on the premise of sealing the entry site
completely. Since retaining the Adamkiewicz artery will effec-
tively avoid spinal ischaemia,9 and Koshino et al reported that
the Adamkiewicz artery originated from the T8–L1 vertebral
interspace in 91% of autopsy cases,10 we tried to avoid covering
the Adamkiewicz artery by deploying the distal end of the stent
graft beyond the T7 vertebra. Additionally, if the origin of the
Adamkiewicz artery is located preoperatively, the risk of para-
plegia may be obviated by avoiding covering the Adamkiewicz
artery. Takase and coworkers located the origin of the
Adamkiewicz artery in 90% of cases using multi-row spiral
CT.11 The vertebral distribution of the Adamkiewicz artery
in Takase et al’s study coincided with that in the anatomical
study by Koshino et al, which lends credence to locating the
Adamkiewicz artery using CTA. Locating the Adamkiewicz
artery with CTA and 3D reconstruction technology might
have contributed to the low incidence of paraplegia in our
study (Figure 7).
The optimal treatment of aortic dissections with multiple
entry and reentry sites is still disputed. We advocate only
covering the entry site and leaving reentry sites far below the
entry site alone, especially when the reentry sites are adjacent
to visceral arteries. In this instance, the formation of thrombo-
sis will probably eliminate rupture as the pressure decreases in
the false lumen, regardless of the reentry sites, after deploy-
ment of the stent graft. Follow-up CTA is necessary to monitor
the process and outcome of thrombosis in the false lumen and
the increasing flow in the true lumen. Attempts to cover all
entry and reentry sites, which is not recommended from our
experience, may result in not only hazardous hypertension in
the false lumen but unnecessary accretion of medical costs.
Conclusions
Endovascular therapy for type B aortic dissection is micro-
invasive and leads to less severe complications and shorter
hospital stay than traditional surgery. The short- and mid-
term efficacy are persuasive. However, further follow-up is
required to determine long-term efficacy.
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